To illustrate the influence of kallikrein on the hypoosmotic swelling test, 84 human semen samples were classified into 4 groups : normospermia (n = 34, group A), oligospermia (n =18, group B), asthenospermia (n = 8, group C), and oligoasthenospermia (n = 24, group D). Two aliquots of 0.45 ml were prepared from each specimen in all the groups : one was incubated for 3 hr in a glass tube containing kallikrein and the other was incubated without kallikrein (control). Quantitative and qualitative assessment of sperm motility and the hypoosmotic swelling test (HOST) were subsequently performed in each pair of samples. Percentage of motile spermatozoa, speed of forward progression of motile spermatozoa and the percentage of swollen sperm were significantly lower in the control samples than in samples treated with kallikrein in all the groups. Kallikrein was also proved effective in increasing the outcome of the HOST, the percentage of motile spermatozoa and the speed of forward progression of washed spermatozoa received from normospermic men (n =15). It seems that kallikrein has a direct effect on sperm membrane and improves its properties and functions.
The function of sperm membrane is important for sperm metabolism, sperm capacitation, acrosome reaction and binding to and penetration of the egg vestments. Therefore, assessment of sperm membrane function appears to be an indicator of the fertilizing capacity of spermatozoa (Zaneveld et al. 1990 ). Considering that the ability of the sperm tail to swell in the presence of a hypoosmotic solution indicates normal membrane function, Jeyendran et al. (1984) developed the hypoosmotic swelling test (HOST) to evaluate the function of the sperm membrane. Using the HOST as the independent variable and the in vitro fertilization (IVF) outcome (fertile/infertile) as the dependent variable in a forward logistic regression analysis, it was calculated that the HOST correctly predicted IVF outcome, with 12.0% false positive and 7.7% false negative (Zaneveld et al. 1990 ).
Kallikrein has a positive effect on sperm motility (Schill et al. 1974 ; Schill 1975a ) and significantly increases spermatozoal penetration into cervical mucus in normospermic subjects after 3 hr incubation (Colpi et al. 1986 ). Furthermore, kallikrein increases sperm fructolysis (Schill 1975b) , sperm oxygen consumption (Leidl et al. 1975 ) and intracellular sperm adenosine-mono-phosphate (cAMP) levels (Schill and Preissler 1977) . Correlation of the in vitro fertilizing ability of the sperm with the outcome of the HOST was found to be higher than that with the other sperm parameters of the basal semen analysis (Van der ) . Therefore, in order to appreciate the influence of kallikrein on the fertilizing ability of sperm, studying the effect of kallikrein on the outcome of the HOST seems to be more reliable than evaluating the effects of kallikrein on the basal sperm parameters.
The outcome of the HOST cannot be predicted from the standard semen parameters (Jeyendran et al. 1984 
MATERIALS AND METHODS
Study on the unwashed sperm. Eighty four semen samples were collected by masturbation after 36-48 hr of abstinence and allowed to liquefy at room temperature. Analyses of sperm count (SC) and quantitative sperm motility (percentage of motile spermatozoa ; QSM) were performed 1 hr after ejaculation by methods described in the laboratory manual from the World Health Organization (1980). The samples were divided into 4 groups according to the results of the semen analyses : normospermia (SC >20 X 106/ml and QSM> 40%, 34 samples, group A), oligospermia (SC <20x 106/ml and QSM>40%, 18 samples, group B), asthenospermia (SC >20 X 106 /ml and QSM <40%, 8 samples, group C), and oligoasthenospermia (SC <20x 106/ml and QSM<40%, 24 samples, group D). Two aliquots of 0.45 ml were prepared from each sample of all the groups : one was incubated for 3 hr in a glass tube containing human, dry and highly purified kallikrein (2 Kallikrein Units ; Japan Chemical Research Company, Kobe, Japan ; experimental sample) dissolved in 0.05 ml of BWW medium (Biggers et al. 1971 ) (final concentration : 4 Kallikrein Units/ ml of final solution) and the other was incubated under the same conditions in a tube containing the same quantity of BWW medium without kallikrein (control sample).
Before incubation, all the samples were well mixed using an automatic mixing machine (Vortex-Genie, Scientific Industries, New York, NY, USA). "Zero time" for the incubation was taken as the completion of 90 min after ejaculation. QSM calculation and HOST were performed on each pair of samples at the end of the incubation time. An estimation of the qualitative motility (speed of forward progression) was obtained by grading the type of movement or aggressiveness according to an arbitrary grading system on a scale of 0 to 4, with 0 representing no movement, 1 meaning weak forward progression of some sperm, 2 indicating steady forward progression of most motile sperm, 3 meaning strong forward progression, and 4 representing very vigorous and rapid forward progression. The hypoosmotic solution used was a mixture of equal quantities of fructose solution (150 mOsm, Nakalai Tesque, Kyoto) and sodium citrate solution (150 mOsm, Nakalai Tesque, Kyoto) with an ionic strength of 0.15. To perform HOST, 0.1 ml of each sample mixed with 1.0 ml of hypoosmotic solution was incubated at 37°C for 30 min. Then, the spermatozoa were examined for typical tail swelling abnormalities as described by Jeyendran et al. (1984) . At least 200 spermatozoa were examined and the percentage of swollen cells was calculated.
Study on the washed sperm. Fifteen human ejaculates (group E) collected by masturbation after 36 to 48 hr of abstinence were allowed to liquefy at 3TC for 20 to 30 min. All samples used in this experiment had at least 50% motile spermatozoa, 80% normal morphology and cell counts of 20 X 106/ml or more. Performing 4 times the swim-up washing technique (using BWW medium without albumin) described by Lee et al. (1987) and by resuspending the final sperm pellet (0.1 ml) of all the samples in 0.4 ml of BWW (without albumin), we obtained sperm samples of 0.5 ml consistently showing forward motility percentages over 80% and normal sperm morphology more than 95%. Cell concentrations were more than 24 x 106 /ml in all the sperm suspensions obtained by swim-up into BWW medium. Each of these solutions was halved and the resulting pairs were incubated (the incubation period for each sample started 90 min after ejaculation) for 3 hr at 37°C in an atmosphere of 5% CO2 after mixing one sample of each pair well, with 0.75 ml of BWW medium containing 4 Kallikrein Units (experimental sample, final concentration : 4 Kallikrein Units/ml of final solution) and the respective sample of the pair with 0.75 ml of BWW medium without kallikrein (control sample). HOST, calculation of QSM and assessment of speed of forward progression were performed after the end of the incubation period on each pair of samples, as previously.
Statistical analysis. All the data was expressed as mean value ± standard deviation. Student's t-test for paired observations was used for statistical analysis of the difference in QSM, speed of forward progression and the outcome of the HOST between control samples and experimental samples within each group in both experiments. Table 1 (Experiments A and B) shows that both QSM and speed of forward progression were significantly lower in the control samples than in the experimental ones in group A (p <0.01 and p <0.01), group B (p <0.01 and p <0.01), group C (p <0.05 and p <0.05), group D (p <0.01 and p <0.01) and group E (p <0.01 and p <0.01), respectively. Table 1 also shows that the outcome of the HOST was significantly higher in the experimental samples than in the control ones in group A (p <0.01), group B (p <0.01), group C (p <0.05), group D (p <0.01) and group E (p <0.01).
RESULTS

DISCUSSION
The present study confirms the results of previous ones regarding the positive effect of kallikrein on sperm motility (Schill et al. 1974; Schill 1975a; Colpi et al. 1986 ). Kallikrein was proved effective in significant increasing the percentage and the speed of forward progression of motile spermatozoa in normospermic, oligospermic, asthenospermic and oligoasthenospermic subjects. It was also proved to have positive effects on the motility of washed spermatozoa received from normospermic subjects. The present study does reveal an improvement in the outcome of the HOST and subsequently in sperm membrane function due to kallikrein treatment in all groups. To our knowledge, this is the first report regarding such an action of kallikrein. It seems that kallikrein has an action on the sperm membrane and improves its properties and functions. An improvement in the fluidity and permeability of the sperm membrane may be related to the previously reported positive effects of kallikrein on sperm motility (Schill et al. 1974; Schi111975a ; Colpi et al. 1986 ), sperm fructolysis (Schill 1975b) , sperm oxygen consumption (Leidl et al. 1975) , sperm metabolism (Schill and Preissler 1977) and the outcome of the cervical mucus penetration assay (Colpi et al. 1986 ) because all these parameters are partly dependent on the transport of compounds through the sperm membrane.
Although the mechanism of the beneficial effect of kallikrein on sperm membrane function remains unknown, it seems that kallikrein has a direct effect on sperm membrane because of being proved to have positive action on sperm motility and spermatozoa membrane function before or after washing. Thus, an indirect action of kallikrein on sperm membrane, via the activation of another (HOST) seminal plasma mediator system does not seem probable. Considering that kinins are known to increase sperm motility and influence the permeability and/or absorption processes of the cell membrane (Leidl et al. 1975 ), liberation of kinins by the action of kallikrein on kininogen of seminal plasma offers a probable explanation for the positive effects of kallikrein on unwashed spermatozoa . However, such a mechanism of action of kallikrein cannot explain the significant improvement in sperm motility and sperm membrane function in washed spermatozoa. Furthermore, the BWW medium does not involve any components which can liberate kinins due to interaction with kallikrein.
Human ejaculates are classified as normal in the HOST when >_ 60% of the sperm swell, and abnormal when <_ 50% of the sperm react ). Between 50% and 59% reactive sperm is taken as a gray area where no definite diagnosis can be established (Zaneveld et al. 1990 ). Using these values, the HOST has been proved 75% to 85% predictive of the outcome (normal/abnormal) of the sperm penetration assay . Considering the following two facts : 1) kallikrein significantly improved the outcome of the HOST from an abnormal value to a normal value and from a gray area value to a normal value in groups B and C, respectively and 2) the significant increase in sperm motility in all groups both before and after sperm washing, we suggest using kallikrein in artificial insemination programs and in performing IVF in patients in whom previously submitted samples showed a beneficial effect on the outcome of the HOST.
